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1
METHOD FOR RECOVERING ANIONIC
FLUORINATED EMULSIFIER

TECHNICAL FIELD

The present invention relates to a method for recovering an
anionic fluorinated emulsifier, which comprises eluting an
anionic fluorinated emulsifier from a basic ion exchange resin
having the anionic fluorinated emulsifier adsorbed thereon
and recovering it as an acid of the anionic fluorinated emul-
sifier.

BACKGROUND ART

At the time of producing a fluorinated polymer such as a
polytetrafluoroethylene (hereinafter referred to as PTFE), a
melt-processable fluororesin or a fluoroelastomer by emul-
sion polymerization, it is common to use an anionic fluori-
nated emulsifier in order not to hinder the polymerization
reaction by chain transfer in an aqueous medium.

An aqueous emulsion of a fluorinated polymer (hereinafter
referred to as a fluorinated polymer aqueous emulsion)
obtained by emulsion polymerization is subjected to floccu-
lation, followed by drying, to obtain a powder of the fluori-
nated polymer. A powder of a fluorinated polymer, particu-
larly a fine powder of PTFE, is molded by a method such as
paste extrusion molding and then, used for various applica-
tions. Otherwise, if necessary, a nonionic surfactant, etc. may
be added to a fluorinated polymer aqueous emulsion for sta-
bilization treatment, followed by concentration treatment to
obtain a fluorinated polymer aqueous dispersion containing
the fluorinated polymer at a high concentration. Such a flu-
orinated polymer aqueous dispersion may be used, if neces-
sary, by an addition of various compounding ingredients, for
various coating applications, impregnation applications, etc.

On the other hand, an anionic fluorinated emulsifier to be
used for emulsion polymerization of a fluorinated polymer is
not easily decomposed in the natural world. Therefore, in
recent years, it is desired to reduce an anionic fluorinated
emulsifier contained not only in industrial effluents but also in
products such as a fluorinated polymer aqueous emulsion, a
fluorinated polymer aqueous dispersion, etc.

As amethod for reducing an anionic fluorinated emulsifier,
there is a method wherein a liquid to be treated, such as an
aqueous emulsion or an aqueous dispersion, containing an
anionic fluorinated emulsifier, is contacted to a basic ion
exchange resin, so that the anionic fluorinated emulsifier in
the liquid to be treated is adsorbed on the basic ion exchange
resin. Further, since the anionic fluorinated emulsifier is
expensive, it has been attempted to recover and reuse the
anionic fluorinated emulsifier adsorbed on the basic ion
exchange resin.

For example, Patent Document 1 discloses a method of
treating a basic ion exchange resin having an anionic fluori-
nated emulsifier adsorbed thereon, with a mixture of a dilute
mineral acid and an organic solvent, to recover the emulsifier
as an acid of the anionic fluorinated emulsifier. It is disclosed
that the organic solvent is preferably a solvent which is mis-
cible with water to present a solubility of at least 40% or
which can be unlimitedly mixed with water, and an alcohol
such as methanol, a cyclic ether such as dioxane, methylene
chloride, etc. may be used.

Further, Patent Document 2 discloses a method wherein by
means of an inorganic acid and a water-insoluble fluorinated
medium, from a basic ion exchange resin having an anionic
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fluorinated emulsifier adsorbed thereon, an acid ofthe anionic
fluorinated emulsifier is eluted in the water-insoluble fluori-
nated medium for recovery.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-B-63-2656
Patent Document 2: W0/2011/096448

DISCLOSURE OF INVENTION
Technical Problem

In Examples of Patent Document 1, an anionic fluorinated
emulsifier is recovered in a good yield of at least 80% from a
weakly basic ion exchange resin, by using, as an organic
solvent, an alcohol such as methanol or a cyclic ether such as
dioxane.

However, in the case of eluting and recovering the emulsi-
fier from a strongly basic ion exchange resin having a high
ability to adsorb the anionic fluorinated emulsifier, the recov-
ery rate for the anionic fluorinated emulsifier was low at a
level of 70%. Further, these organic solvents are flammable
and thus require a safety measure for handling. Further,
depending upon the type of the anionic fluorinated emulsifier,
the emulsifier was likely to react with the alcohol to form an
ester, and it was difficult to convert it to an ammonium salt or
the like useful as an emulsifier.

Further, in Patent Document 1, an anionic fluorinated
emulsifier was recovered by using methylene chloride as a
non-flammable organic solvent, but the recovery rate was as
low as 50%.

Further, in Patent Document 2, an anionic fluorinated
emulsifier was recovered from a basic ion exchange resin
having the anionic fluorinated emulsifier adsorbed thereon by
using a water-insoluble fluorinated medium as a non-flam-
mable organic solvent, but the recovery rate of the anionic
fluorinated emulsifier recovered by a single extraction opera-
tion was as low as 50%.

Accordingly, it is an object of the present invention to
provide a method for recovering an anionic fluorinated emul-
sifier, whereby the anionic fluorinated emulsifier adsorbed on
a basic ion exchange resin can be simply and efficiently
recovered.

Solution to Problem

The present invention provides a method for recovering an
anionic fluorinated emulsifier, having the following construc-
tions [1] to [12].

[1] A method for recovering an anionic fluorinated emulsifier,
which comprises eluting an anionic fluorinated emulsifier
from a basic ion exchange resin having the anionic fluorinated
emulsifier adsorbed thereon and recovering it as an acid of the
anionic fluorinated emulsifier, and which is characterized by
contacting a mixed liquid of an aqueous inorganic acid solu-
tion, a fluorinated medium and a non-fluorinated medium, to
the basic ion exchange resin, thereafter separating the basic
ion exchange resin and a liquid phase to recover the liquid
phase, and recovering, from the liquid phase, the acid of the
anionic fluorinated emulsifier.

[2] A method for recovering an anionic fluorinated emulsifier,
which comprises eluting an anionic fluorinated emulsifier
from a basic ion exchange resin having the anionic fluorinated
emulsifier adsorbed thereon and recovering it as an acid of the
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anionic fluorinated emulsifier, and which is characterized by
contacting an aqueous inorganic acid solution to the basic ion
exchange resin, then contacting a mixed liquid of a fluori-
nated medium and a non-fluorinated medium thereto, there-
after separating the basic ion exchange resin and a liquid
phase to recover the liquid phase, and recovering, from the
liquid phase, the acid of the anionic fluorinated emulsifier.
[3] The method for recovering an anionic fluorinated emul-
sifier according to the above [2], wherein after contacting the
aqueous inorganic acid solution to the basic ion exchange
resin, the basic ion exchange resin is separated and recovered,
and to the separated and recovered basic ion exchange resin,
the mixed liquid of a fluorinated medium and a non-fluori-
nated medium, is contacted.

[4] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [3], wherein the
basic ion exchange resin has an average particle size of from
0.1 to 5 mm and an ion exchange capacity of from 0.1 to 3
(eq/L).

[5] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [4], wherein the
ratio of the fluorinated medium to the non-fluorinated
medium in the mixed liquid is from 5/95 to 95/5 by mass ratio.
[6] The method for recovering an anionic fluorinated emul-
sifier according to the above [1], [4] or [5], wherein the ratio
of the basic ion exchange resin to the mixed liquid of an
aqueous inorganic acid solution, a fluorinated medium and a
non-fluorinated medium, is from 1/99 to 99/1 by mass ratio.
[7] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [2] to [5], wherein the
ratio of the basic ion exchange resin to the mixed liquid of a
fluorinated medium and a non-fluorinated medium, is from
1/99 to 80/20 by mass ratio.

[8] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [ 7], wherein the
aqueous inorganic acid solution is at least one member
selected from the group consisting of aqueous solutions of
hydrochloric acid, sulfuric acid, nitric acid and phosphoric
acid.

[9] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [8], wherein the
fluorinated medium is at least one member selected from the
group consisting of 1,3-dichloro-1,1,2,2,3-pentafluoropro-
pane, 1,1-dichloro-2,2,3,3,3-pentafluoropropane,
CF;CF,CF,CF,CF,CHF, and CF,CH,OCF,CF,H.

[10] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [9], wherein the
non-fluorinated medium is water-soluble and has a solubility
in the fluorinated medium.

[11] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [10], wherein
the non-fluorinated medium is at least one member selected
from the group consisting of acetone, acetonitrile, tetrahydro-
furan, diethyl ether, methyl acetate, ethyl acetate, methanol,
ethanol, n-propanol, iso-propanol and tert-butanol.

[12] The method for recovering an anionic fluorinated emul-
sifier according to the above [1], wherein the mixed liquid of
an aqueous inorganic acid solution, a fluorinated medium and
a non-fluorinated medium, is non-flammable.

[13] The method for recovering an anionic fluorinated emul-
sifier according to the above [2] or [3], wherein the mixed
liquid of a fluorinated medium and a non-fluorinated medium,
is non-flammable.

[14] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [13], wherein
the acid of the anionic fluorinated emulsifier is a fluorinated
carboxylic acid.
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[15] The method for recovering an anionic fluorinated emul-
sifier according to the above [14], wherein the acid of the
anionic fluorinated emulsifier is a C_, fluorinated carboxylic
acid which may have from 1 to 3 etheric oxygen atoms.

[16] The method for recovering an anionic fluorinated emul-
sifier according to any one of the above [1] to [15], wherein
the basic ion exchange resin is a strongly basic ion exchange
resin.

Advantageous Effects of Invention

According to the present invention, to a basic ion exchange
resin having an anionic fluorinated emulsifier adsorbed
thereon, a mixed liquid of an aqueous inorganic acid solution,
a fluorinated medium and a non-fluorinated medium is con-
tacted, or to such a basic ion exchange resin, an aqueous
inorganic acid solution is contacted, and then, a mixed liquid
of a fluorinated medium and a non-fluorinated medium is
contacted thereto, whereby the anionic fluorinated emulsifier
adsorbed on the basic ion exchange resin is converted to an
acid-form by the aqueous inorganic acid solution and eluted
in the fluorinated medium and the non-fluorinated medium.
And, in the present invention, a fluorinated medium and a
non-fluorinated medium are used in combination for extrac-
tion, whereby the extraction can be made more efficiently
than a case where the fluorinated medium and the non-fluori-
nated medium are used alone independently, and an acid of
the anionic fluorinated emulsifier can be recovered in good
yield. The recovered acid of the anionic fluorinated emulsifier
may be used, as it is, for emulsion polymerization for a
fluorinated polymer, or may be neutralized and used as e.g. an
ammonium salt or an alkali metal salt.

DESCRIPTION OF EMBODIMENTS

In the present invention, the anionic fluorinated emulsifier
to be adsorbed on a basic ion exchange resin is not particu-
larly limited. For example, it may be a fluorinated carboxylic
acid which may have an etheric oxygen atom or its salt, or a
fluorinated sulfonic acid or its salt. The salt may, for example,
be an ammonium salt or an alkali metal salt (such as Li, Na or
K), preferably an ammonium salt. Among them, a fluorinated
carboxylic acid which may have an etheric oxygen atom, or
its salt, is preferred, and a C,_, _fluorinated carboxylic acid
which may have from 1 to 3 etheric oxygen atoms, or its salt,
is more preferred.

Specific examples of the fluorinated carboxylic acid
include, a perfluorocarboxylic acid, a perfluorocarboxylic
acid having an etheric oxygen atom, a fluorinated carboxylic
acid having a hydrogen atom, etc.

The perfluorocarboxylic acid includes, for example, per-
fluorohexanoic acid, perfluoroheptanoic acid, perfluorooc-
tanoic acid, perfluorononanoic acid, etc

The perfluorocarboxylic acid having an etheric oxygen
atom includes, for example, C,F.,OCF(CF;)CF,OCF(CF;)
COOH, C,F,0OC,F,OCF,COOH, C,F,0C,F,OCF,COOH,
C,F;0OC,F,OCF,COOH,
C,F;OCF,CF,0OCF,CF,0OCF,COOH, C,F;O(CF,);COOH,
CF,0C,F,OCF,COOH, CF,0CF,OCF,0CF,COOH,
CF,0CF,OCF,0CF,0CF,COOH, CF,O(CF,CF,0),
CF,COOH, CF,0CF,CF,CF,OCF,COOH,
C,F,;OCF,COOH, C,F,OCF,CF,COOH, CF;OCF(CF,)
CF,OCF(CF,)COOH, C,F,OCF(CF;)COOH, etc.

The fluorinated carboxylic acid having a hydrogen atom
includes, for example, wm-hydroperfluorooctanoic acid,
C,F,OCF(CF,)CF,OCHFCOOH, CF,CFHO(CF,);COOH,
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CF,0(CF,);OCHFCF,COOH, CF;0(CF,);OCHFCOOH,
C,F,OCHFCF,COOH, CF,CFHO(CF,),COOH, etc.

The fluorinated sulfonic acid includes, for example, per-
fluorooctane sulfonic acid, CgF,;CH,CH,SO;H, etc.

In the present invention, the basic ion exchange resin to be
used for adsorbing the anionic fluorinated emulsifier may be
a strongly basic ion exchange resin or a weakly basic ion
exchange resin, preferably a strongly basic ion exchange
resin. The strongly basic ion exchange resin is less suscep-
tible to an influence by the pH of the liquid to be treated
containing the anionic fluorinated emulsifier and thus can
maintain high adsorbing efficiency. Further, the strongly
basic ion exchange resin adsorbs the anionic fluorinated
emulsifier firmly so that the anionic fluorinated emulsifier
tends to be hardly eluted from the strongly basic ion exchange
resin, whereby the recovery rate of the anionic fluorinated
emulsifier tends to be low, but by the method of the present
invention, even in a case where the anionic fluorinated emul-
sifier is adsorbed on the strongly basic ion exchange resin, the
anionic fluorinated emulsifier can be recovered in good yield.

The strongly basic ion exchange resin may be one having a
quaternary ammonium group such as a trimethylammonium
group or a dimethylethanolammonium group introduced as
an ion exchange group to a resin matrix.

The weakly basic ion exchange resin may be one having a
primary to tertiary amino group such as a dimethylammo-
nium group or an amino group introduced as an ion exchange
group to a resin matrix.

The material for the resin matrix of the basic ion exchange
resin is not particularly limited. A styrene/divinyl benzene
cross-linked resin, an acryl/divinyl benzene cross-linked
resin or a cellulose resin may, for example, be mentioned.

The type of the basic ion exchange resin is not particularly
limited, and either porous type or gel type may be preferably
used.

The average particle size of the basic ion exchange resin is
preferably from 0.1 to 5 mm, more preferably from 0.2 to 2
mm, particularly preferably from 0.3 to 1.5 mm. When the
average particle size of the basic ion exchange resin is within
the above range, for example, the flow path of the liquid to be
treated is less likely to be clogged, when the liquid to be
treated containing the anionic fluorinated emulsifier is per-
mitted to flow through a column packed with the basic ion
exchange resin to carry out the operation to let the anionic
fluorinated emulsifier be adsorbed.

The ion exchange capacity of the basic ion exchange resin
is preferably from 0.1 to 3 (eq/L), more preferably from 0.5 to
2.5 (eq/L). When the ion exchange capacity of the basic ion
exchange resin is within the above range, the anionic fluori-
nated emulsifier in the liquid to be treated can efficiently be
adsorbed.

Commercial products of the basic ion exchange resin
include, for example, Lewatit (registered trademark)
MP8000H manufactured by Lanxess, Lewatit (registered
trademark) M8OOKR manufactured by Lanxess, Lewatit
(registered trademark) MP600 manufactured by Lanxess,
Lewatit (registered trademark) MP62WS manufactured by
Lanxess, PUROLITE (registered trademark) A300 MBOH
manufactured by Purolite K.K., PUROLITE (registered
trademark) A5030H manufactured by Purolite K.K., etc.

In the present invention, the basic ion exchange resin hav-
ing an anionic fluorinated emulsifier adsorbed thereon, is
obtainable by contacting a liquid to be treated containing an
anionic fluorinated emulsifier to a basic ion exchange resin.
That is, by contacting the liquid to be treated, to a basic ion
exchange resin, the anionic fluorinated emulsifier in the liquid
to be treated, is adsorbed on the basic ion exchange resin. For
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example, in a case where a liquid to be treated containing
CF;CF,0OCF,CF,OCF,COO™ (NH4)" as an anionic fluori-
nated emulsifier is contacted with a basic ion exchange resin,
CF;CF,OCF,CF,OCF,COO™ is considered to be bonded to
and adsorbed on an ion exchange group of the basic ion
exchange resin.

As the liquid to be treated containing an anionic fluorinated
emulsifier, the following (1) to (3) may, for example, be
mentioned.

(1) A fluorinated polymer aqueous dispersion obtained by
subjecting a fluorinated monomer to emulsion polymeriza-
tion in the presence of an anionic fluorinated emulsifier, and
adding a nonionic surfactant to the obtained fluorinated poly-
mer aqueous emulsion for stabilization, if required, followed
by concentration.

(2) Waste water containing an anionic fluorinated emulsi-
fier discharged after flocculating the above fluorinated poly-
mer aqueous emulsion.

(3) An aqueous solution having absorbed an anionic flu-
orinated emulsifier discharged in the atmosphere in the pro-
cess for drying a fluorinated polymer flocculate obtained by
flocculating the above fluorinated polymer aqueous emul-
sion.

The above fluorinated polymer dispersion is preferably a
fluorinated polymer aqueous dispersion obtained by stabiliz-
ing the fluorinated polymer aqueous emulsion by a nonionic
surfactant.

The nonionic surfactant may, for example, be a surfactant
represented by the following formula (A) or (B).

RL—O-A-H (A)

In the formula (A), R' is a C,_,, alkyl group, and A is a
polyoxyalkylene group constituted by from 5 to 20 oxyeth-
ylene groups and from O to 2 oxypropylene groups.

R>—CH,—O—B-H (B)

In the formula (B), R? is a C,_, alkyl group, and B is a
polyoxyethylene group constituted by from 5 to 20 oxyeth-
ylene groups.

Specific examples of the nonionic surfactant of the formula
(A) include nonionic surfactants having molecular structures
of C,;H,,(0CH,),,—OH,  C,H,5(0C,H,),;—OH,
C,oH,, CH(CH,)CH,—(OC,R )o—OH,  C,,H,,—(0C,
H,)y—OCH(CH,)CH,—OH, ~ C,H,,—(OC,H,),,—OH,
CH(CsH,  (C,H,5)—~OC,H,)s—OH, etc. Commercial
products include TERGITOL (registered trademark) 15S
series, manufactured by The Dow Chemical Company, New-
col (registered trademark) series, manufactured by Nippon
Nyukazai Co., Ltd., Lionol (registered trademark) TD series,
manufactured by Lion Corporation, etc.

Specific examples of the nonionic surfactant of the formula
(B) include, for example, nonionic surfactants having
molecular structures of CgH,—CH,—(OC,H,),,—OH,
C,H,,—CH,—(OC,H,),,—OH, etc. Commercial products
include Triton (registered trademark) X series, manufactured
by The Dow Chemical Company, Nikkol (registered trade-
mark) OP series or NP series, manufactured by Nikko Chemi-
cals Co., Ltd., etc.

The content of a nonionic surfactant represented by the
formula (A) and/or (B) in the fluorinated polymer aqueous
dispersion is preferably from 1 to 20 mass %, more preferably
from 1 to 10 mass %, particularly preferably from 2 to 8 mass
%, based on the mass of the fluorinated polymer.

The method for contacting the liquid to be treated contain-
ing an anionic fluorinated emulsifier and the basic ion
exchange resin is not particularly limited, and a conventional
method may be mentioned. For example, it may be a method
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of putting the basic ion exchange resin into the liquid to be
treated, followed by stirring or vibrating, or a method of
passing the liquid to be treated, through a column packed with
the basic ion exchange resin. Further, prior to contacting the
liquid to be treated, to the basic ion exchange resin, the liquid
to be treated may preferably be subjected to filtration to
remove any floating solid, etc. such as coagulation, whereby
itis possible to prevent e.g. clogging of the basic ion exchange
resin. Such filtration of the liquid to be treated, is preferably
conducted by means of a single stage or multistage filters
having openings of from 0.1 to 300 pm, preferably from 1 to
100 um.

The contact temperature at the time of contacting the liquid
to be treated containing an anionic fluorinated emulsifier to
the basic ion exchange resin is not particularly limited. It may
suitably be selected but is preferably in the vicinity of room
temperature of from 10 to 40° C. Further, the contact time is
not particularly limited and may suitably be selected. For
example, in the case of contacting by a stirring system, it is
preferably within a range of from 10 minutes to 200 hours,
more preferably within a range of from 30 minutes to 50
hours. Further, the pressure at the time of contact is preferably
the atmospheric pressure, but it may be under a reduced
pressure condition or an elevated pressure condition.

As mentioned above, by letting an anionic fluorinated
emulsifier in the liquid to be treated, be adsorbed on a basic
ion exchange resin, followed by separating the basic ion
exchange resin, it is possible to obtain the basic ion exchange
resin having the anionic fluorinated emulsifier adsorbed
thereon. Such a basic ion exchange resin having the anionic
fluorinated emulsifier adsorbed thereon may be used in a wet
state without conducting drying treatment, etc. or may be
subjected to drying treatment and used in a dried state. Indus-
trially, it is preferred touseitas it is in a wet state, whereby the
process can be simplified.

In a first embodiment of the method for recovering an
anionic fluorinated emulsifier in the present invention, firstly
a mixed liquid of an aqueous inorganic acid solution, a flu-
orinated medium and a non-fluorinated medium (hereinafter
the mixed liquid of an aqueous inorganic acid solution, a
fluorinated medium and a non-fluorinated medium will be
referred to as the elution extraction medium), is contacted to
the basic ion exchange resin having an anionic fluorinated
emulsifier adsorbed thereon.

When the elution extraction medium is contacted to the
basic ion exchange resin having an anionic fluorinated emul-
sifier adsorbed thereon, the anionic fluorinated emulsifier is
converted to an acid-form by the aqueous inorganic acid
solution and thus tends to be easily eluted from the basic ion
exchange resin. The anionic fluorinated emulsifier has good
compatibility with the fluorinated medium and the non-flu-
orinated medium, and therefore, the anionic fluorinated emul-
sifier adsorbed on the basic ion exchange resin is eluted as an
acid of the anionic fluorinated emulsifier and extracted in the
fluorinated medium and the non-fluorinated medium. And, in
the present invention, by the combined use of the fluorinated
medium and the non-fluorinated medium, it is possible to
more efficiently extract the acid of the anionic fluorinated
emulsifier than a case where the fluorinated medium and the
non-fluorinated medium are used alone independently. Thus,
it is possible to recover the acid of the anionic fluorinated
emulsifier in good yield from the basic ion exchange resin.

Here, if only the aqueous inorganic acid solution is con-
tacted to the basic ion exchange resin, the acid of the anionic
fluorinated emulsifier is not substantially extracted in the
aqueous inorganic acid solution, and it is considered to be
attached to the surface of the basic ion exchange resin. There-
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fore, as disclosed in Comparative Example 1 in WO/2011/
096448, even if an aqueous inorganic acid solution is con-
tacted to a basic ion exchange resin having an anionic
fluorinated emulsifier adsorbed thereon, followed by addition
of a fluorinated solvent in an attempt to extract the anionic
fluorinated emulsifier, the acid of the anionic fluorinated
emulsifier cannot substantially be extracted.

The ratio of the basic ion exchange resin to the elution
extraction medium is preferably basic ion exchange resin/
elution extraction medium=from 1/99 to 99/1, more prefer-
ably from 10/90 to 90/10, most preferably from 15/85 to
50/50, by mass ratio. When the ratio of the basic ion exchange
resin to the elution extraction medium is within the above
range, it is possible to efficiently contact the basic ion
exchange resin and the elution extraction medium.

The contact time of the basic ion exchange resin and the
elution extraction medium is preferably from 5 to 500 min-
utes, more preferably from 10 to 300 minutes. When the
contact time is at least 5 minutes, it is possible to sufficiently
extract the acid of the anionic fluorinated emulsifier. Even if
the contact time exceeds 500 minutes, there is no substantial
change in the amount of extraction of the acid of the anionic
fluorinated emulsifier, and therefore, the upper limit is pref-
erably 500 minutes.

The temperature at the time of contacting the elution
extraction medium is preferably from 5 to 100° C., more
preferably from 10 to 80° C. When it is at least 5° C., it is
possible to efficiently extract the acid of the anionic fluori-
nated emulsifier. When it is at most 100° C., it does not exceed
the boiling point under the atmospheric pressure of a pre-
ferred solvent, whereby the extraction operation can be con-
ducted under the atmospheric pressure, and therefore, the
upper limit is preferably 100° C.

The method for contacting the basic ion exchange resin and
the elution extraction medium is not particularly limited. For
example, a method of putting the basic ion exchange resin and
the elution extraction medium in an autoclave, followed by
mechanical stirring by stirring vanes, or a method of contact-
ing the basic ion exchange resin and the elution extraction
medium by means of a shaking machine, may be mentioned.
Otherwise, the basic ion exchange resin may be packed in a
column, and the elution extraction medium is permitted to
flow therethrough, so that the acid of the anionic fluorinated
emulsifier may be extracted in the elution extraction medium
by a flow-through extraction method. Here, in the case of
extracting the anionic fluorinated emulsifier in the elution
extraction medium by the flow-through extraction method
from the basic ion exchange resin packed in a column, it is
preferred that the mixing ratio of the aqueous inorganic acid
solution, the fluorinated medium and the non-fluorinated
medium is adjusted to a composition wherein the elution
extraction medium becomes a single phase. The composition
wherein the elution extraction medium becomes a single
phase, varies depending upon the types of the aqueous inor-
ganic acid solution, the fluorinated medium and the non-
fluorinated medium, but by adjusting the ratio of the water-
soluble non-fluorinated medium to be a ratio sufficient to be
dissolved in the aqueous inorganic acid solution, the compo-
sition may be made wherein the elution extraction medium
becomes a single phase.

As the aqueous inorganic acid solution, at least one mem-
ber selected from the group consisting of aqueous solutions of
hydrochloric acid, sulfuric acid and phosphoric acid, is pref-
erably used. Two or more types of such aqueous inorganic
acid solutions may be used in combination. Among them, an
aqueous hydrochloric acid solution is particularly preferred,
since its use is industrially simple.
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The concentration of the aqueous inorganic acid solution is
usually preferably high, since as it becomes high, the acid of
the anionic fluorinated emulsifier to be eluted from the basic
ion exchange resin tends to increase. It is preferably at least
1.0 mass %, more preferably at least 5.0 mass %, particularly
preferably from 10 to 38 mass %.

As the fluorinated medium, at least one member selected
from the group consisting of a hydrochlorofluorocarbon, a
hydrofiuorocarbon, a hydrofluoroether and a hydrofiuoroal-
cohol is preferably used. Among them, a hydrochlorofluoro-
carbon, a hydrofluorocarbon or a hydrofluoroether is pre-
ferred.

The hydrochlorofluorocarbon includes 1,3-dichloro-1,1,2,
2,3-pentafluoropropane, 1,1-dichloro-2,2,3,3,3-pentafluoro-
carbon, etc.

The hydroftuorocarbon includes
CF,CF,CF,CF,CF,CHF,, CF,CF,CF,CF,CH,CHj,
CF,CF,CF,CF,CF,CF,CH,CH,, CF,CF,CHFCHFCFj;,
CF,CH,CF,CH,, CF;CF,CF,CFHCFHj, etc.

The hydrofluoroether includes CF,CH,OCF,CF,H,
CF,CH,OCF,CFHCEF,, (CF;),CHOCF,CF,H,
CF,CH,OCHFCHF,, CF,(CF,);0CH,, CF;(CF,),0OCHj,,
CF,(CF,),;0OCH,CHj,, CF,(CF,),OCH,CHj,, (CF,),
CFCF,0OCH,CHj, etc.

The hydrofiuoroalcohol includes 2,2,2-trifluoroethanol,
2,2,3 3-tetrafluoropropanol, 1,1,1,3,3,3-hexafluoroisopro-
panol, 2,2.3,3,3-pentafluoropropanol, etc.

Here, in a case where the anionic fluorinated emulsifier to
be extracted from the basic ion exchange resin does not form
an ester by a reaction with a hydrofiuoroalcohol or in a case
where there is no problem even if such an ester is formed, it is
possible to use the hydrofluoroalcohol.

The fluorinated medium is preferably water-insoluble, and
it is most preferred that the solubility in water at 25° C., is less
than 0.1%. When it is water-insoluble, the elution extraction
medium tends to be readily separated to a phase of the fluori-
nated medium and a phase of the aqueous inorganic acid
solution, whereby it is possible to recover the liquid phase
containing a large amount of the acid of the anionic fluori-
nated emulsifier by a simple operation.

Among them, 1,3-dichloro-1,1,2,2,3-pentafluoropropane,
1,1-dichloro-2,2,3,3,3-pentafluoropropane,
CF,CF,CF,CF,CF,CHF, or CF,CH,OCF,CF,H is particu-
larly preferably used, since the affinity to both the anionic
fluorinated emulsifier and the non-fluorinated medium is
good.

The non-fluorinated medium is one which has no fluorine
atom in its molecule, and one which is water-soluble and has
solubility in the fluorinated medium is preferably used. When
the non-fluorinated medium is water-soluble and has solubil-
ity in the fluorinated medium, the penetrability of the elution
extraction medium to the basic ion exchange resin will be
good, whereby it becomes easy to extract the anionic fluori-
nated emulsifier from the basic ion exchange resin.

The solubility in water at 25° C. of the non-fluorinated
medium is preferably at least 50%, more preferably at least
90%. Further, the solubility in the fluorinated medium at 25°
C. of the non-fluorinated medium is preferably at least 50%,
more preferably at least 90%.

Specific examples of the non-fluorinated medium include
an alcohol such as methanol, ethanol, n-propanol, iso-pro-
panol or tert-butanol; a ketone such as acetone or methyl ethyl
ketone; a nitrile such as acetonitrile; an ether such as tetrahy-
drofuran, dimethyl ether, diethyl ether or methyl ethyl ether;
an ester such as methyl acetate or ethyl acetate; an amide such
as N,N-dimethylformamide; a pyrrolidone such as N-meth-
ylpyrrolidone; and a sulfoxide such as dimethyl sulfoxide.
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Each of the above-mentioned non-fluorinated media is
water-soluble and has solubility in a fluorinated medium.
Among them, acetone, acetonitrile, tetrahydrofuran, diethyl
ether, methyl acetate, ethyl acetate, methanol, ethanol, n-pro-
panol, iso-propanol or tert-butanol is preferred, and acetone
oracetonitrile is most preferred. Here, in a case where the acid
of the anionic fluorinated emulsifier to be extracted from the
basic ion exchange resin is likely to be reacted with an alcohol
to form an ester thereby to cause a problem at the time of
conversion to e.g. an ammonium salt useful as an emulsifier,
use of an alcohol should better be avoided. An alcohol may be
used in a case where it does not form an ester with the acid of
the anionic fluorinated emulsifier or in a case where there is
no problem even when such an ester is formed.

In the elution extraction medium, the ratio of the aqueous
inorganic acid solution to the fluorinated medium is prefer-
ably aqueous inorganic acid  solution/fluorinated
medium=trom 1/99 to 95/5, more preferably from 5/95 to
80/20, particularly preferably from 10/90 to 70/30, by mass
ratio. When the mass ratio of the aqueous inorganic acid
solution to the fluorinated medium is within the above range,
the recovery rate of the acid of the anionic fluorinated emul-
sifier is high.

Further, in the elution extraction medium, the ratio of the
fluorinated medium to the non-fluorinated medium is prefer-
ably fluorinated medium/non-fluorinated medium=from 5/95
to 95/5, more preferably from 10/90 to 95/5, particularly
preferably from 15/85 to 95/5, by mass ratio. When the mass
ratio of the fluorinated medium to the non-fluorinated
medium is within the above range, the recovery rate of the
acid of the anionic fluorinated emulsifier is high.

Further, by adjusting the mass ratio of the fluorinated
medium to the non-fluorinated medium to be from 75/25 to
95/5, preferably from 85/15 to 95/5, the elution extraction
medium tends to be non-flammable, and its handling effi-
ciency will be excellent. For example, in a case where 1,3-
dichloro-1,1,2,2,3-pentafluoropropane is used as the fluori-
nated medium and acetone is used as the non-fluorinated
medium, by adjusting the ratio to be fluorinated medium/non-
fluorinated medium=from 85/15 to 95/5 by mass ratio, the
elution extraction medium will be non-flammable. Further, in
a case where 1,3-dichloro-1,1,2,2,3-pentafluoropropane is
used as the fluorinated medium and acetonitrile is used as the
non-fluorinated medium, by adjusting the ratio to be fluori-
nated mediunynon-fluorinated medium=from 75/25 to 95/5
by mass ratio, the elution extraction medium will be non-
flammable.

In the above embodiment, from the mixture of the basic ion
exchange resin and the elution extraction medium, the basic
ion exchange resin is separated and removed, and a liquid
phase is separated and recovered, and from the recovered
liquid phase, the acid of the anionic fluorinated emulsifier is
recovered. In a case where the recovered liquid phase is a
single phase (the aqueous inorganic acid solution, the fluori-
nated medium and the non-fluorinated medium constitute a
mixed phase), by carrying out e.g. a distillation operation of
the recovered phase, the acid of the anionic fluorinated emul-
sifier can be recovered.

Whereas, in a case where as the fluorinated medium, one
which is water-insoluble is used, and as the non-fluorinated
medium, one which is water-soluble and has solubility in the
fluorinated medium, is used, the system will be separated into
two layers i.e. an upper layer wherein the non-fluorinated
medium is dissolved in the aqueous inorganic acid solution
and a lower layer wherein the non-fluorinated medium is
dissolved in the fluorinated medium. Also in the upper layer,
the acid of the anionic fluorinated emulsifier will be slightly
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present, and in the lower layer containing the fluorinated
medium, the acid of the anionic fluorinated emulsifier is
present at a high concentration. Its presence in the upper layer
is extremely small as compared in the lower layer. Therefore,
by taking only the lower layer by separation, it is possible to
efficiently recover the acid of the anionic fluorinated emulsi-
fier.

The acid of the anionic fluorinated emulsifier contained in
the recovered liquid (the lower layer in the case where only
the lower layer is taken by separation) can be quantitatively
analyzed by e.g. an analytical method disclosed in JIS quality
of water K0400-30-10, an analytical method by gas chroma-
tography, or an NMR analytical method using '"H-NMR and
1F.NMR.

The acid of the anionic fluorinated emulsifier thus recov-
ered may be used as it is as an anionic fluorinated emulsifier,
ormay be neutralized and used as an ammonium salt, an alkali
metal salt or the like.

Now, a second embodiment of the method for recovering
an anionic fluorinated emulsifier in the present invention will
be described.

In the second embodiment, an aqueous inorganic acid solu-
tion is contacted to a basic ion exchange resin having an
anionic fluorinated emulsifier adsorbed thereon, and then, a
mixed liquid of a fluorinated medium and a non-fluorinated
medium (the mixed liquid of a fluorinated medium and a
non-fluorinated medium will hereinafter be referred to as the
extraction medium) is contacted thereto.

As mentioned above, when an aqueous inorganic acid solu-
tion is contacted to the basic ion exchange resin, the anionic
fluorinated emulsifier is converted to an acid-form and
adsorbed on the basic ion exchange resin in a form to be
readily eluted. The anionic fluorinated emulsifier has low
compatibility with the aqueous inorganic acid solution,
whereby even if converted to an acid-form, it will scarcely be
eluted in the aqueous inorganic acid solution. However, the
anionic fluorinated emulsifier has good compatibility with the
fluorinated medium and the non-fluorinated medium, and
when the extraction medium is contacted to the basic ion
exchange resin contacted with the aqueous inorganic acid
solution, the anionic fluorinated emulsifier adsorbed on the
basic ion exchange resin will be eluted and extracted as an
acid of the anionic fluorinated emulsifier in the extraction
medium. Then, the basic ion exchange resin is separated and
removed, and the liquid phase is recovered. In a case where
the recovered liquid phase is in the form of a single phase, the
acid of the anionic fluorinated emulsifier can be recovered by
carrying out e.g. a distillation operation of the recovered
liquid phase. Otherwise, in a case where the recovered liquid
phase is separated into two layers, the acid of the anionic
fluorinated emulsifier is present at a high concentration in a
lower layer containing the fluorinated medium, and therefore,
by taking only the lower layer by separation, it is possible to
efficiently recover the acid of the anionic fluorinated emulsi-
fier.

In the second embodiment, it is preferred that after con-
tacting the aqueous inorganic acid solution to the basic ion
exchange resin, the basic ion exchange resin is separated and
recovered, and a mixed liquid of the fluorinated medium and
the non-fluorinated medium is contacted to the separated and
recovered basic ion exchange resin. Thus, an operation to
separate the aqueous inorganic acid solution and the extrac-
tion liquid becomes unnecessary, and the liquid phase
wherein the acid of the anionic fluorinated emulsifier is
present at a high concentration can be recovered by an
extremely simple operation. Further, in a case where the
non-fluorinated medium is decomposed by a reaction with the
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inorganic acid, it is possible to minimize the amount of the
inorganic acid in contact with the non-fluorinated medium so
that the decomposition of the non-fluorinated medium can be
minimized.

In the second embodiment, as the aqueous inorganic acid
solution, the fluorinated medium and the non-fluorinated
medium, the same ones as described above in the first
embodiment may be used.

In the second embodiment, the contact time ofthe basic ion
exchange resin and the aqueous inorganic acid solution is
preferably from 5 to 500 minutes, more preferably from 10 to
300 minutes. When the contact time is at least 5 minutes, the
anionic fluorinated emulsifier can be converted to an acid-
form and can be made to be readily eluted from the basic ion
exchange resin. Further, even if it exceeds 500 minutes, there
will be no substantial improvement in effects, and therefore,
the upper limit is preferably 500 minutes.

The temperature at the time of contacting the aqueous
inorganic acid solution is preferably from 5 to 100° C., more
preferably from 10 to 80° C. When it is at least 5° C., the
anionic fluorinated emulsifier can be converted to an acid-
form and can be made to be readily eluted from the basic ion
exchange resin. When it is at most 100° C., it does not exceed
the boiling point under the atmospheric pressure of the aque-
ous inorganic acid solution, so that the treatment by the aque-
ous inorganic acid solution can be carried out under the atmo-
spheric pressure, and therefore, the upper limit is preferably
100° C.

In the second embodiment, the method for contacting the
basic ion exchange resin and the aqueous inorganic acid solu-
tion is not particularly limited. For example, a method of
putting the basic ion exchange resin and the aqueous inor-
ganic acid solution in an autoclave, followed by mechanical
stirring by stirring vanes, or a method of contacting the basic
ion exchange resin and the aqueous inorganic acid solution by
means of a shaking machine, may be mentioned. Otherwise,
the basic ion exchange resin may be packed in a column, and
the aqueous inorganic acid solution is permitted to flow there-
through for the contact.

In the second embodiment, the ratio of the basic ion
exchange resin to the aqueous inorganic acid solution is pref-
erably from 99/1 to 1/99, more preferably from 90/10 to
10/90, most preferably from 60/40 to 30/70, by mass ratio.
When the ratio of the basic ion exchange resin to the aqueous
inorganic acid solution is within the above range, it is possible
to efficiently contact the basic ion exchange resin and the
aqueous inorganic acid solution, and the anionic fluorinated
emulsifier adsorbed on the basic ion exchange resin can be
made to be readily eluted.

In the second embodiment, the contact time ofthe basic ion
exchange resin and the extraction medium is preferably from
5 to 500 minutes, more preferably from 10 to 300 minutes.
When the contact time is at least 5 minutes, it is possible to
sufficiently extract the anionic fluorinated emulsifier. Even if
the contact time exceeds 500 minutes, there is no substantial
change in the amount of extraction of the acid of the anionic
fluorinated emulsifier, and therefore, the upper limit is pref-
erably 500 minutes.

The temperature at the time of contacting the extraction
medium is preferably from 5 to 100° C., more preferably from
1010 80° C. Whenitis atleast 5° C., it is possible to efficiently
extract the acid of the anionic fluorinated emulsifier. When it
is at most 100° C., it does not exceed the boiling point under
the atmospheric pressure of a preferred solvent, whereby the
extraction operation can be conducted under the atmospheric
pressure, and therefore, the upper limit is preferably 100° C.
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In the second embodiment, the method for contacting the
basic ion exchange resin and the extraction medium may be
carried out by the same method as the above-mentioned
method for contacting the aqueous inorganic acid solution.

In the second embodiment, in the extraction medium, the
ratio of the fluorinated medium to the non-fluorinated
medium is preferably fluorinated medium/non-fluorinated
medium=trom 5/95 to 95/5, more preferably from 10/90 to
90/10, particularly preferably from 20/80 to 90/10, by mass
ratio. When the mass ratio of the fluorinated medium to the
non-fluorinated medium is within the above range, the recov-
ery rate of the acid of the anionic fluorinated emulsifier is
high. Further, by adjusting the mass ratio of the fluorinated
medium to the non-fluorinated medium to be from 75/25 to
95/5, preferably from 85/15 to 95/5, the extraction medium
tends to be non-flammable, and its handling efficiency will be
excellent.

In the second embodiment, the ratio of the basic ion
exchange resin to the extraction medium is preferably from
1/99 to 80/20, more preferably from 10/90 to 70/30, most
preferably from 15/85 to 60/40, by mass ratio. When the ratio
of the basic ion exchange resin to the extraction medium is
within the above range, it is possible to efficiently contact the
basic ion exchange resin and the extraction medium and
extract the acid of the anionic fluorinated emulsifier in the
extraction medium.

EXAMPLES

Now, the present invention will be described in further
detail with reference to working Examples (Ex 1-1 to 1-12,
and 2-1 to 2-20) and comparative Examples (Ex 1-13, 1-14
and 2-21), but it should be understood that the present inven-
tion is by no means limited thereto.

[Flammability of Elution Extraction Medium and Extraction
Medium]

Presence or absence of flammability of the elution extrac-
tion medium or the extraction medium used in each Ex was
confirmed by a Tag closed method as disclosed in JIS
K2265-1 or by a Cleveland open system as disclosed in JIS
K2265-4.

[Recovery Rate of Anionic Fluorinated Emulsifier|

With respect to a liquid phase recovered after extraction

treatment, the acid of the anionic fluorinated emulsifier was
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quantitatively analyzed by quantitative analyses by "H-NMR
and '’F-NMR, and the content (g) of the acid of the anionic
fluorinated emulsifier in the liquid phase was measured.
Then, the recovery rate of the acid of the anionic fluorinated
emulsifier was obtained based on the following formula.

Recovery rate(%)=(content (g) of the acid of the
anionic fluorinated emulsifier in the liquid phase/
amount (g) of the anionic fluorinated emulsifier
adsorbed on the basic ion exchange resin)x100

Ex 1

An aqueous solution of an anionic fluorinated emulsifier
(CF;CF,OCF,CF,0CF,COO"(NH,)*) and a basic ion
exchange resin were contacted to let the anionic fluorinated
emulsifier be adsorbed on the basic ion exchange resin.

Then, into a beaker having an internal capacity of 50 ml and
provided with a cover, the basic ion exchange resin having the
anionic fluorinated emulsifier adsorbed thereon, hydrochloric
acid, a non-fluorinated medium and a fluorinated medium
were charged as shown in Table 1, and the content was stirred
for from 10 to 60 minutes by a magnetic stirrer while main-
taining the temperature at 40° C. by a constant temperature
water bath, to carry out extraction of an acid of the anionic
fluorinated emulsifier.

After completion of the stirring, the basic ion exchange
resin was separated and removed. Then, in Ex 1-1 to 1-13, as
the liquid phase remaining by separating and removing the
basic ion exchange resin was separated into two layers, only
the lower layer was recovered. Further, in Ex 1-14, as the
liquid phase remaining by separating and removing the basic
ion exchange resin constituted a single phase, the liquid phase
was recovered as it was.

Thereafter, the acid of the anionic fluorinated emulsifier
contained in the recovered liquid phase (the lower layer in the
case where only the lower layer was recovered) was quanti-
tatively analyzed by the above-mentioned method, and the

recovery rate of the acid of the anionic fluorinated emulsifier
was measured. The results are summarized in Table 1.

TABLE 1
NO. Ex1-1 Ex1-2 Ex1-3 Ex14 Ex1-5 Ex1-6 Exl1-7
Type of basic ion exchange resin IER-1 IER-1 IER-1 IER-1 IER-1 IER-1 IER-1
Amount (g) of basic ion exchange resin 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Elution Amount (g) of 35 wt % hydrochloric 4.0 4.0 1.0 2.0 2.0 2.0 2.0
extraction acid aqueous solution
medium  Type of non-fluorinated medium A A A A A A A
Amount (g) of non-fluorinated medium 4.0 4.0 4.0 1.1 2.0 54 2.0
Type of fluorinated medium C C C C C C C
Amount (g) of fluorinated medium 4.0 4.0 4.0 9.8 8.0 1.3 2.0
Hydrochloric acid/fluorinated medium 50/50 50/50 20/80 17/83 20/80 61/39 50/50
(mass ratio)
Fluorinated medium/non-fiuorinated 50/50 50/50 50/50  90/10 80/20 19/81 50/50
medium (mass ratio)
Presence or absence of flammability Present Present Present Absent Present Present Present
of elution extraction medium
Basic ion exchange resin/elution extraction 25/75 25/75 31/69  24/76 25/75 32/68  40/60
medium (mass ratio)
Extraction temperature (° C.) 40 40 40 40 40 40 40
Extraction time (min) 10 30 30 30 30 30 30
Recovery rate (%) of acid of emulsifier 94 97 95 87 91 96 95
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NO. Ex1-8 Ex1-9 Ex1-10 Ex1-11 Ex1-12 Ex1-13 Ex1-14
Type of basic ion exchange resin IER-1 IER-1 IER-1 IER-2 IER-3 IER-1 IER-1
Amount (g) of basic ion exchange resin 4.0 4.0 4.0 3.0 4.0 4.0 4.0
Elution Amount (g) of 35 wt % hydrochloric 2.0 2.0 2.0 3.0 2.0 2.0 2.0
extraction acid aqueous solution
medium  Type of non-fluorinated medium B B B A A — A
Amount (g) of non-fluorinated medium 4.0 2.0 4.9 3.0 4.0 — 6.0
Type of fluorinated medium C C C C C C —
Amount (g) of fluorinated medium 4.0 8.0 2.1 3.0 4.0 12.0 —
Hydrochloric acid/fluorinated medium 33/67 20/80  49/51 50/50 33/67 14/86 —
(mass ratio)
Fluorinated medium/non-fluorinated 50/50 80/20  30/70 50/50 50/50 — —
medium (mass ratio)
Presence or absence of flammability Present Absent Present Present Present Absent Present
of elution extraction medium
Basic ion exchange resin/elution extraction 29/71 25/75 31/69 25/75 29/71 22/78 33/67
medium (mass ratio)
Extraction temperature (° C.) 40 40 40 40 40 40 40
Extraction time (min) 30 30 30 60 30 30 30
Recovery rate (%) of acid of emulsifier 96 97 91 80 96 50 77

IER-1: Manufactured by Lanxess, Lewatit (registered trademark) MonoPlus MP 800 OH, strongly basic ion exchange resin, emulsifier adsorption

amount = 28 wt %, porous

e
IER-2: Manufactured by Purolite, PUROLITE (registered trademark) A300 MBOH, strongly basic ion exchange resin, emulsifier adsorption amount

=30 wt %, gel type

IER-3: Manufactured by Lanxess, Lewatit (registered trademark) MonoPlus MP 62 WS, weakly basic ion exchange resin, emulsifier adsorption

amount = 28 wt %, porous type
Non-fluorinated medium A: acetone

Non-fluorinated medium B: acetonitrile
Fluorinated medium C: 1,3-dichloro-1,1,2,2,3-pentafluoropropane

As shown in Table 1, as compared with Ex 1-13 (recovery
rate: 50%) wherein extraction was carried out by using hydro-
chloric acid and a fluorinated medium in combination and Ex
1-14 (recovery rate: 77%) wherein extraction was carried out
by using hydrochloric acid and a non-fluorinated medium in
combination, in Ex 1-1 to 1-12 wherein extraction was carried
out by using an elution extraction medium (a mixture of
hydrochloric acid, a non-fluorinated medium and a fluori-
nated medium), the recovery rate of the acid of the anionic
fluorinated emulsifier was high at a level of at least 80%
irrespective of the type of the basic ion exchange resin.

Ex 2

In the same manner as in Ex 1, an aqueous solution of an
anionic fluorinated emulsifier
(CF,CF,OCF,CF,OCF,COO™(NH,)*) and a basic ion
exchange resin were contacted to let the anionic fluorinated
emulsifier be adsorbed on the basic ion exchange resin.

Then, into a beaker having an internal capacity of S50 ml and
provided with a cover, the basic ion exchange resin having the
anionic fluorinated emulsifier adsorbed thereon and hydro-
chloric acid were charged as shown in Table 2, and the content
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was stirred for from 30 to 60 minutes by a magnetic stirrer
while maintaining the temperature at from 15 to 60° C. by a
constant temperature water bath, whereupon only hydrochlo-
ric acid was withdrawn from the beaker.

Then, into the beaker containing the basic ion exchange
resin treated with hydrochloric acid, a non-fluorinated
medium and a fluorinated medium were charged as shown in
Table 2, and the content was stirred for from 30 to 300 min-
utes by a magnetic stirrer while maintaining the temperature
at from 15 to 60° C. by a constant temperature water bath, to
carry out extraction of an acid of the anionic fluorinated
emulsifier.

After completion of the stirring, the basic ion exchange
resin was separated and removed. Then, in each of Ex 2-1 to
2-21, as the liquid phase remaining by separating and remov-
ing the basic ion exchange resin was separated into two lay-
ers, only the lower layer was recovered.

Thereafter, the acid of the anionic fluorinated emulsifier
contained in the recovered liquid phase was quantitatively
analyzed by the above-mentioned method, and the recovery
rate of the acid of the anionic fluorinated emulsifier was
measured. The results are summarized in Table 2.

TABLE 2
Ex2-1 Ex2-2 Ex2-3 Ex24 Ex2-5 Ex26 Ex2-7
Type of basic ion exchange resin IER-1 IER-1 IER-1 IER-1 IER-1 IER-1 IER-1
Amount (g) of basic ion exchange resin 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Concentration (wt %) of hydrochloric acid 35 35 35 18 35 18 18
Amount (g) of aqueous hydrochloric acid solution 4.0 4.0 4.0 3.0 4.0 4.0 4.0
Hydrochloric acid treatment temperature (° C.) 15 15 40 40 40 40 40
Hydrochloric acid treatment time (min) 30 30 30 30 30 30 30
Basic ion exchange resin/hydrochloric acid 50/50 50/50 50/50  57/43 50/50  50/50 50/50
(mass ratio)
Extraction Type of non-fluorinated medium A A A B B B B
medium  Amount (g) of non-fluorinated medium 4.0 2.0 4.0 2.0 2.0 2.0 4.0
Type of fluorinated medium C C C C C C C
Amount (g) of fluorinated medium 4.0 2.0 4.0 8.0 8.0 8.0 4.0
Hydrochloric acid/fluorinated medium 50/50 67/33 50/50 2773 33/67  33/67 50/50

(mass ratio)
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Fluorinated medium/non-fluorinated 50/50 50/50  50/50 80/20 80/20 80/20 50/50
medium (mass ratio)
Presence or absence of flammability Present Present Present Absent Absent Absent Present
of extraction medium
Basic ion exchange resin/extraction medium 33/67 50/50  33/67 29/71 29/71 29/71 33/67
(mass ratio)
Extraction temperature (° C.) 15 15 40 40 40 40 40
Extraction time (min) 30 30 30 30 30 30 30
Extraction rate (%) of acid of emulsifier 99 88 96 86 88 85 94

Ex2-8 Ex2-9 Ex2-10 Ex2-11 Ex2-12 Ex2-13 Ex2-14

Type of basic ion exchange resin IER-1 IER-1 IER-1 IER-1 IER-2 IER-3 IER-3
Amount (g) of basic ion exchange resin 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Concentration (wt %) of hydrochloric acid 18 18 18 18 18 18 18
Amount (g) of aqueous hydrochloric acid solution 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Hydrochloric acid treatment temperature (° C.) 40 40 40 40 60 60 60
Hydrochloric acid treatment time (min) 30 30 30 60 30 30 30
Basic ion exchange resin/hydrochloric acid 50/50 50/50  50/50 50/50 50/50  50/50 50/50
(mass ratio)
Extraction Type of non-fluorinated medium B B B B B B B
medium  Amount (g) of non-fluorinated medium 2.0 1.1 5.0 2.0 6.0 6.0 3.0
Type of fluorinated medium C C C C C C C
Amount (g) of fluorinated medium 8.0 4.4 2.1 4.0 6.0 6.0 12.0
Hydrochloric acid/fluorinated medium 33/67  48/52 66/34  50/50  40/60  40/60 25/75
(mass ratio)
Fluorinated medium/non-fluorinated 80/20 80/20  30/70 67/33 50/50  50/50 80/20
medium (mass ratio)
Presence or absence of flammability Present Absent Present Present Present Present Absent
of extraction medium
Basic ion exchange resin/extraction medium 29/71 42/58  36/64  40/60 25/75 25/75 21/79
(mass ratio)
Extraction temperature (° C.) 40 40 40 40 60 60 60
Extraction time (min) 60 60 30 60 60 60 90
Extraction rate (%) of acid of emulsifier 91 85 96 88 83 98 97

Ex2-15 Ex2-16 Ex2-17 Ex2-18 Ex2-19 Ex2-20 Ex2-21

Type of basic ion exchange resin IER-3 IER-3 IER-3 IER-3 IER-3 IER-3 IER-1
Amount (g) of basic ion exchange resin 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Concentration (wt %) of hydrochloric acid 18 18 18 18 18 18 18
Amount (g) of aqueous hydrochloric acid solution 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Hydrochloric acid treatment temperature (° C.) 40 40 40 20 20 20 40
Hydrochloric acid treatment time (min) 60 60 60 60 60 60 30
Basic ion exchange resin/hydrochloric acid 50/50 50/50  50/50 50/50 50/50  50/50 50/50
(mass ratio)
Extraction Type of non-fluorinated medium B B B B B B —
medium  Amount (g) of non-fluorinated medium 4.0 4.0 4.0 4.0 3.0 2.0 —
Type of fluorinated medium C C C C C C C
Amount (g) of fluorinated medium 16.0 16.0 16.0 16.0 12.0 8.0 12
Hydrochloric acid/fluorinated medium 20/80 20/80  20/80 20/80 25/75 33/67 25/75
(mass ratio)
Fluorinated medium/non-fluorinated 80/20 80/20 80/20 80/20 80/20 80/20 —
medium (mass ratio)
Presence or absence of flammability Absent Absent Absent Absent Absent Absent Absent
of extraction medium
Basic ion exchange resin/extraction medium 17/83 17/83 17/83 17/83 2179 21/79 25/75
(mass ratio)
Extraction temperature (° C.) 50 50 50 50 50 50 40
Extraction time (min) 60 120 300 60 60 60 30
Extraction rate (%) of acid of emulsifier 95 97 99 95 94 85 44

IER-1: Manufactured by Lanxess, Lewatit (registered trademark) MonoPlus MP 800 OH, strongly basic ion exchange resin, emulsifier adsorption

amount = 28 wt %, porous type

IER-2: Manufactured by Purolite, PUROLITE (registered trademark) A300 MBOH, strongly basic ion exchange resin, emulsifier adsorption amount

=20 wt %, gel type

IER-3: Manufactured by Lanxess, Lewatit (registered trademark) MonoPlus MP 62 WS, weakly basic ion exchange resin, emulsifier adsorption

amount = 26 wt %, porous type
Non-fluorinated medium A: acetone

Non-fluorinated medium B: acetonitrile
Fluorinated medium C: 1,3-dichloro-1,1,2,2,3-pentafluoropropane

As shown in Table 2, as compared with Ex 2-21 (recovery
rate: 44%) wherein extraction was carried out by using only a
fluorinated medium, in Ex 2-1 to 2-20 wherein extraction was
carried out by using an extraction medium (a mixture of a
non-fluorinated medium and a fluorinated medium), the
recovery rate of the acid of the anionic fluorinated emulsifier
was high at a level of at least 83%.
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INDUSTRIAL APPLICABILITY

According to the method for recovering an anionic fluori-
nated emulsifier of the present invention, it is possible to
recover an anionic fluorinated emulsifier in good yield, the
fluorinated medium used for the recovery can be reused, and
the time and labor required for waste liquid treatment can be
reduced. Further, the recovered anionic fluorinated emulsifier
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is industrially useful, e.g. since it may be used, as it is or as an
alkali metal salt or ammonium salt after neutralization, for
e.g. emulsion polymerization of a fluorinated polymer aque-
ous emulsion.

This application is a continuation of PCT Application No.
PCT/IP2012/072802, filed on Sep. 6, 2012, which is based
upon and claims the benefit of priority from Japanese Patent
Application No. 2011-199724 filed on Sep. 13, 2011. The
contents of those applications are incorporated herein by
reference in its entirety.

What is claimed is:

1. A method for recovering an anionic fluorinated emulsi-
fier, comprising contacting a mixed liquid comprising an
aqueous inorganic acid solution, a fluorinated medium and a
non-fluorinated medium to a basic ion exchange resin having
an anionic fluorinated emulsifier adsorbed thereon, thereafter
separating the basic ion exchange resin and a liquid phase to
recover the liquid phase, and recovering, from the liquid
phase, the acid of the anionic fluorinated emulsifier.

2. A method for recovering an anionic fluorinated emulsi-
fier, comprising contacting an aqueous inorganic acid solu-
tion to a basic ion exchange resin having an anionic fluori-
nated emulsifier adsorbed thereon, then contacting said basic
ion exchange resin with a mixed liquid comprising a fluori-
nated medium and a non-fluorinated medium, thereafter
separating the basic ion exchange resin and a liquid phase to
recover the liquid phase, and recovering, from the liquid
phase, the acid of the anionic fluorinated emulsifier.

3. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein after contacting the aque-
ous inorganic acid solution to the basic ion exchange resin,
the basic ion exchange resin is separated and recovered, and
to the separated and recovered basic ion exchange resin, the
mixed liquid of a fluorinated medium and a non-fluorinated
medium, is contacted.

4. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the basic ion exchange
resin has an average particle size of from 0.1 to 5 mm and an
ion exchange capacity of from 0.1 to 3 (eq/L).

5. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the basic ion exchange
resin has an average particle size of from 0.1 to 5 mm and an
ion exchange capacity of from 0.1 to 3 (eq/L).

6. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the ratio of the fluorinated
medium to the non-fluorinated medium in the mixed liquid is
from 5/95 to 95/5 by mass ratio.

7. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the ratio of the fluorinated
medium to the non-fluorinated medium in the mixed liquid is
from 5/95 to 95/5 by mass ratio.

8. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the ratio of the basic ion
exchange resin to the mixed liquid is from 1/99 to 99/1 by
mass ratio.

9. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the ratio of the basic ion
exchange resin to the mixed liquid is from 1/99 to 80/20 by
mass ratio.

10. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the aqueous inorganic
acid solution is at least one member selected from the group
consisting of aqueous solutions of hydrochloric acid, sulfuric
acid, nitric acid and phosphoric acid.
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11. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the aqueous inorganic
acid solution is at least one member selected from the group
consisting of aqueous solutions of hydrochloric acid, sulfuric
acid, nitric acid and phosphoric acid.

12. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the fluorinated medium is
at least one member selected from the group consisting of
1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1,1-dichloro-2,
2,3,3,3-pentafluoropropane, CF,CF,CF,CF,CF,CHF, and
CF,CH,OCF,CF,H.

13. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the fluorinated medium is
at least one member selected from the group consisting of
1,3-dichloro-1,1,2,2,3-pentafluoropropane, 1,1-dichloro-2,
2,3,3,3-pentafluoropropane, CF,CF,CF,CF,CF,CHF, and
CF,CH,OCF,CF,H.

14. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the non-fluorinated
medium is water-soluble and has a solubility in the fluori-
nated medium.

15. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the non-fluorinated
medium is water-soluble and has a solubility in the fluori-
nated medium.

16. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the non-fluorinated
medium is at least one member selected from the group con-
sisting of acetone, acetonitrile, tetrahydrofuran, diethyl ether,
methyl acetate, ethyl acetate, methanol, ethanol, n-propanol,
iso-propanol and tert-butanol.

17. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the non-fluorinated
medium is at least one member selected from the group con-
sisting of acetone, acetonitrile, tetrahydrofuran, diethyl ether,
methyl acetate, ethyl acetate, methanol, ethanol, n-propanol,
iso-propanol and tert-butanol.

18. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the mixed liquid is non-
flammable.

19. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the mixed liquid is non-
flammable.

20. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the acid of the anionic
fluorinated emulsifier is a fluorinated carboxylic acid.

21. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the acid of the anionic
fluorinated emulsifier is a fluorinated carboxylic acid.

22. The method for recovering an anionic fluorinated emul-
sifier according to claim 20, wherein the acid of the anionic
fluorinated emulsifier is a C,_, fluorinated carboxylic acid
which may have from 1 to 3 etheric oxygen atoms.

23. The method for recovering an anionic fluorinated emul-
sifier according to claim 21, wherein the acid of the anionic
fluorinated emulsifier is a C,_, fluorinated carboxylic acid
which may have from 1 to 3 etheric oxygen atoms.

24. The method for recovering an anionic fluorinated emul-
sifier according to claim 1, wherein the basic ion exchange
resin is a strongly basic ion exchange resin.

25. The method for recovering an anionic fluorinated emul-
sifier according to claim 2, wherein the basic ion exchange
resin is a strongly basic ion exchange resin.
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